INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
T he spleen is one of the most vascularized organs of the body, with a blood flow of approximately 350 liters a day. It is part of the mononuclear phagocyte system and it is located between the portal and systemic circulations. Its irrigation comes from the splenic artery and from a rich arterial collateral network, mainly esplenogastric, while its venous drainage flows to the splenic vein and a small part to the esplenogastric veins. The splenic vein joins the superior mesenteric vein to form the portal vein [1] [2] [3] . The spleen plays important functions, including hematopoiesis, cell purification and reservoir of blood elements 1, 4, 5 . During splenectomy, the approach and splenic artery ligation allow blood to exit the spleen through the splenic vein, reducing its size 3, [6] [7] [8] [9] . It is believed that the inflow of splenic blood into the bloodstream explains the observed increase in hematologic indexes immediately after splenic artery ligation 7, 10, 11 . However, there is no scientific reasoning to prove this hypothesis.
In schistosomatic portal hypertension (SPH), splenomegaly, anemia, thrombocytopenia and leukopenia associated with bone marrow hyperplasia occur without clinical manifestation 1, 3, [12] [13] [14] . The normalization of this blood and bone marrow condition is obtained after partial or total removal of the spleen and even after splenic vein bypass without splenectomy [15] [16] [17] [18] . Despite the extensive literature on this organ, the characteristics of its effluent blood are still unknown. These data are especially important in situations such as portal hypertension, in which there is increase in the organ size, with accumulation of blood inside it.
This study aimed to determine the hematological and biochemical values of effluent splenic blood and evaluate their influence on the rise of hematological values after splenectomy.
METHODS

METHODS METHODS METHODS METHODS
This was a cross-sectional descriptive study approved by the Ethics Committee of the Federal University of Minas Gerais under record CAAE-0399.0.203.000 11. We studied 20 consecutive adult patients, of both genders, with a diagnosis of schistosomiasis that were referred to undergo surgical treatment of SPH. All patients were diagnosed with hepatosplenic schistosomiasis confirmed by parasitological examination of stool and rectal biopsy positive for Schistosoma mansoni eggs, abdominal ultrasound and liver biopsy during surgery, which revealed Symmers-Bogliolo fibrosis 1, 19 . All procedures were performed electively and the surgical option depended on patients' data and disease stage 3 . The indication for surgical treatment was upper gastrointestinal bleeding 3 . In the immediate preoperative period 5 ml of blood was drawn for blood count (RBC count, hemoglobin, hematocrit, leukocytes and platelets), coagulation (international normalized ratio -INR and prothrombin time), and quantification of bilirubin and albumin. The same tests were performed on blood collected from the splenic vein after splenic artery ligation (FIGURE 1) and from peripheral blood immediately after the operation.
Statistical analysis was performed using the nonparametric Mann Whitney test and the Shapiro Wilks normality test 12, 20 . The level of significance was greater than 95% (p <0.05) 21 .
RESULTS
RESULTS RESULTS RESULTS RESULTS
The age of patients ranged from 17 to 65 years, mean 44 ± 13; there were 11 men and nine women. Three patients underwent subtotal splenectomy, and the others, total splenectomy. Operative time ranged from 180 to 330 minutes, with a mean of 259 ± 42 minutes. The length of stay ranged from 4 to 10 days, with a mean of 6 ± 2. No patient had postoperative complications.
During preoperative evaluation, thrombocytopenia (<150,000 platelets/mm 3 ) occurred in 20 (100%) individuals, leukopenia (<4,000 cells/mm 3 ) was observed in 19 (95%) and anemia (<12 g/dl) was found in 14 (70%). The prothrombin time was less than 70% in 10 patients (50% of cases). Only one patient had a dose of albumin below 3.5 g/dl. Direct bilirubin was below 0.4 g/dl in all patients and only four (20%) had indirect bilirubin greater than 0.9 g/dl, the highest value being 1.8 g/dl ( Table  1) .
The values of the number of red blood cells (p = 0.01), hemoglobin (p = 0.04), hematocrit (p = 0.03), platelet count (p = 0.00), total leukocyte (p = 0 00), neutrophils (p = 0.00), lymphocytes (p = 0.00), monocytes (p = 0.00), eosinophils (p = 0.00), basophils (p = 0.00) and INR (p = 0.02) were higher in the splenic effluent compared with the preoperative peripheral blood. The comparison of the splenic blood with the postoperative peripheral blood showed differences only in the global leukocyte count (p = 0.04) and its neutrophil component (p = 0.00), which were higher in the splenic effluent. Variables of blood count showed no difference.
In the comparative analysis of peripheral blood pre and postoperatively, there was an increase in the number of red blood cells (p = 0.03), platelet count (p = 0.00), total leukocyte (p = 0.00), number of neutrophils (p = 0.00) and monocytes (p = 0.00) at the end of the operation. The other parameters showed no difference.
There was a reduction of albumin in the postoperative peripheral blood relative to its values in the splenic vein and preoperative peripheral blood (p = 0.04 and p = 0.00, respectively). The analysis of bilirubin showed higher postoperative values of direct bilirubin compared with the preoperative and splenic effluent (p = 0.03 and p = 0.01, respectively). The indirect bilirubin level was higher in the splenic blood and decreased in the postoperative peripheral blood in relation to the splenic vein blood (p = 0.01).
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
The splenic artery ligation in early splenectomy allows the output of blood by the spleen splenic vein and reduces the size of the spleen due to the inflow of splenic blood into the portal circulation [22] [23] [24] [25] . According to the literature during the removal of larger spleens there is inflow of more than 500 ml of whole blood 1 . However, the characteristics of the blood exiting the spleen and its effects Petroianu Petroianu Petroianu Petroianu Petroianu Haematological and biochemical characteristics of the splenic effluent blood in schistosomal patients undergoing splenectomy on the peripheral circulation had not been studied. As for the biochemical tests, preservation of liver function is in line with the literature 26, 27 . The findings of this study support the hypothesis that correction of cytopenias starts perioperatively and can be observed soon after the operation. The higher values of blood elements in the splenic effluent blood compared with preoperative one suggest that the splenic blood after splenic artery ligation is self-infused. At the same time there is reduction in the size of the spleen, which becomes softened 1 .
The increase in total number of leukocytes and their neutrophilic component in the postoperative peripheral blood suggests acute response to surgical trauma. However, even the infusion of 500 ml of splenic blood is not sufficient to raise the values of peripheral blood elements to the levels achieved in the postoperative period, which are close to the values of the effluent. It is worth considering the dilution of elements present in the splenic blood in about five liters of the systemic circulation of the adult 1, 28 . Even in the presence of leukopenia, sepsis is not registered in these patients 1, 6, 7, 10 . Therefore, the spleen may have only a partial role in elevating the blood levels observed postoperatively. There is the possibility that the increased spleen possesses a factor that inhibits the release of blood proteins from the bone marrow into the blood stream. This theory being true, partial or total splenectomy would be accompanied by splenic infusion of blood elements from the bone marrow, with increased values in the peripheral blood.
The blood from the spleen does not appear to influence the values of coagulation. Thus, the observed large increase in coagulation parameters cannot be attributed to the splenic blood. Coagulation factors are produced in hepatocytes and bone marrow to be released into the circulation as needed,, even though their pathophysiology is not well understood 1, 6, 7, 10 . Even when these factors are low in the circulation, there is no clinical manifestation of coagulopathy, as observed in all patients of this study.
The reduction of postoperative albumin is in agreement with previous studies, which showed a decrease after medium and large operations, as part of the systemic response to surgical trauma 29 . Given the lack of relationship between the various structures of the mononuclear phagocyte system and its influence on blood elements, more research is needed to understand the mechanism of blood control and the role of the spleen in the process.
In conclusion, haematological and biochemical values of the splenic effluent blood are higher than those found in the peripheral blood. However, the splenic effluent is not sufficient to raise the hematological values found in the peripheral blood after splenectomy. 
